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SATURATED  STEAM,  AND  OTHER  VAPOBS. 


A  COMPARISON  of  the  several  table*  of  the  properties  of 

expressed  in  English  unit*,  reveals  discrepancies  of  considerable  magnitude; 

iventigaUon  shows  that,  while  all  are  in  tome  manner  founded  on  tho 

inents  of  Regnaul:  .*  methods  of  calculation  hare  been  need,  and 

in  some  cases  other  c.\  al  data  have  been  employed.    A  review  of 

the  whole  subject,  in  connection  with  the  preparation  of  nptes  on  thermo- 

iiics  for  the  use  of  the  students  of  the  MassachnsetU  Institute  of 

Technology,  made  it  seem  important  to  calculate  a  set  of  tables,  to  accompany 

those  notes,  (bunded  on  the  best  and  most  recent  data. 

In  IH<  Hi-nting  the  tables  for  general  use,  it  appears  proper  to  state  in  full 
the  data  and  the  methods  of  calculation  employed,  so  that  each  one  ma/ 
•!  degree  of  accuracy  and  correctness  of  the  tables,  and  the  reliance 
to  be  placed  on  them. 

e  properties  of  other  vapors  hare  been  added,  which  will  be 

lKsriixsr.1  h.-i.  :iftrr. 

Pressure  of  Saturated  Steam.  —  As  a  conclusion  from  all  the 
M  tension  of  saturated   steam,  Rcgnault  gives,    in  the 
de  France,  etc.,  Tome  A  A/.,  the  following  data  ?  — 

TEMPERATURE  PRESSCBB 

MM.  OP  MP.RCVBT. 

-32  <>.:'.•-» 

-16  l.±» 

0  4.  CO 

25  23.55 

50  91.98 

75  288.50 

100  760.00 

130  2030.0 
4651.6 


2JO  17390. 

-20  0.91 

+40  54.91 
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From  these  data  be  calculated,  by  the  aid  of  seven-place  logarithms,  the 
following  formula?,  which  gi\  u  millimetres  of   mercury  for 

any  temperature  in  degrees  Centigrade :  - 

A.  1        team  from  —32°  to  0°  C. 

p  =*  a  4-  6a-. 

a  =  -  0.08038. 
log  6  =  9.6021724  -  10. 
log  a  =  0.033398. 

n  «  32°  -  t. 

B.  For  steam  from  0°  to  100*  0. 
log  p  =  a  —  &a"  4-  c/2% 

a  =  4.7384380. 
log  6  =  0.6116485. 
log  c  =  8.1340339  -  10. 
log  a  =  9.9967*49  -  10. 
log  ft  =  0.006865036. 

n  =  t. 

C.  For  steam  from  100°  to  220°  0. 
log  ;>  =  a  —  6a"  -f  c/3". 

a  =  5,4583895. 
log  6  =  0.4121470. 
log  c  =  7.7448901  -  10. 
loga  =  9.997412127-  10. 
log  /?  =  0.007590697. 

n  =  t  -  100. 

D.  For  steam  from  —  20°  to  220*  C. 
log  p  =  a  —  6a"  —  c/3". 

a  =  6.2640348. 
log  6  =  0.1397743. 
log  c  =  0.6924351. 
log  a  =  9.994049292  -  10. 
tog/?  =  9.998343862  -  10. 

n  =  t  -f  20. 

aid  of  the  formulae  A  and  B,  Regnault  calculated  and  recorded  tables 
of  the  pressures  of  saturated  steam  for  temperatures  from  —  32°  to  100°  C. 
The  formula  D  was  calculated  from  the  data  given  above  for  the  temperatures 
-  20°f  +  40°,  100°,  160C,  and  220°  C.,  and  was  intended  to  represent  the 
whole  range  of  expcrimrnts.  liv  this  formula,  instead  of  formula  C,  he 
calculated  the  pressures  set  down  in  his  tables  for  temperatures  from  100°  C. 
to  220°  G 

^'ishing  to  obtain  greater  accuracy  for  meteorological  work,  Moritz  re- 
calculated Equation  JB,  using  ten-place  logarithms,  aud  obtained  constants 
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that  <>  little  from  those  that  will  be  given  later.    Some  of  the  more 

re*  :i  system  were  calculated  bj  bis  equations. 

Equation!  for  the  Preeture  of  8team  at  Paru.  —  In  view  of  the  prscsdtof 

statements,  it  appeared  desirable  to  re-calculate  tbe  oooetaoU  for  Equations 

B  and  C,  with  a  degree  of  accuracy  that  nhould  exclude  aoj  doubt  aa  to  the 

of  the  reaulta.    Accordingly,  the  logarithm*  required  were  taken 

from  Vega's  ten-place  table,  and  then  tbe  remainder  of  tbe  cskwitstkms  were 

carried  on  with  natural  numbers,  checking  by  independent  methods,  with  the 

vring  results:  — 

B.    For  steam  from  0*  to  100*  C. 


a  -  4.7393622142. 
log  6  -0.61  17400190. 
log  c  -  8.1320378383  -  10. 
log  a  -  9.996725532820  -  10. 
lo-,y  =  0.0068646759M, 

*-*. 

C.     For  steam  from  100°  to  220*  C. 
log  p  -  a  —  60-  +  cf. 

a  -  5.4574301234. 
Iog6  =  0.4119787931. 
logc  =  '  -  10. 

log  a  -  9.99741106346  -  10. 
log£-0.0<  113. 

»  «  t  -  100. 

To  show  tbe   degree   of   accuracy  attained,  the  following  tables  are 

,  :  — 

EQI 

^  LOO  p  FBOH  TABLE        LOO  p  CAI.CTLA1 

OF  LOGARITHMS.  BT   EQIMTIOX. 

0  4.60  0.6627578317 

25  23.55  19909115  7199097 

.r>0  91.98  '636934052  1.96369346 

75  288.50  16014581:  2.46014587 

100  :•:•»  2.8808135925  2.88081365 

EQUATION  C. 

LOO  p  PROM  TABLE         LOO  p  • 
OP  LOGARITHM*.  BT  BO.I   ' 

100       760.00  2.8808135928 

130       2030.0  3.3074960. 

4651.6  8.6676023618      B.fS7««M 

190       9426  3.9743274354 

17390  4.2402995820      4.24029957ft 
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The  results  from  Equation  C  are  quite  satisfactory  ;  for  the  errors  come  in 
the  ninth  place  of  decimals,  and  one  place  of  decimals  is  unavoidably  lost 
In  the  application  of  the  formula.  Equation  B  was  calculated  after  Equation 
C  and  the  numerical  work  was  not  carried  to  so  large  a  number  of  deeimal 
places.  For  the  calculation  of  tables,  the  constants  are  carried  to  seven  |»la<  -i  •* 
of  significant  figures  only;  this  gives  six  significant'  figures  in  the  result,  ot 
\\hirh  five  are  recorded  in  the  table. 

Pressure  of  Steam  at  Latitude  45°.  —  French  System.  —  It  is  customnn  t<> 
reduce  all  measurements  to  tin-  latitude  of  45°,  and  to  sea-level.  The  st.-md- 
ard  thermometer  should  then  have  its  boiling  and  freezing  points  determined 
under,  or  reduced  to  such  conditions.  The  value  of  0,  the  acceleration  due 
to  gravity,  is,  at  Paris,  latitude  48°  50'  14"  and  60  metres  above  sea-l-  \<  !. 
9.809218  metres  ;  and  at  45°,  and  at  sea-level,  it  is  9.80605G  metres.  Con- 
sequently, 760  mm.  of  mercury  at  45°  gives  a  pressure  equal  to  that  of 
>5  mm.  at  Paris;  and  this  corresponds  to  a  temperature  of  99.°'.' 

In  other  words,  the  thermometer  which  is  standard  at  -I.V  has  each  degree 
0.99991  of  the  length  of  the  degree  of  a  thermometer  standard  at  Paris. 

To  reduce  Equation  B  to  45°  latitude,  we  \\ 


.  .  .i'  .    ntgggnt  j-rfimam 

log  p  =  a  +  log  jgg-jggg  -  6a«»     +  c/3—»; 
and  for  Equation  <7, 

log  p  =  a  +  log  -  6.-—  —  +  ^—  -  » 


The  resulting  equations  which  were  used  in  calculating  Table  III  are 

B.  For  steam  from  0°  to  100°  C.  at  45°  latitude. 

log  p    =  a,  -  604"  +  eft-. 

aj  =  4.739502. 
log  b    =  0.6117400. 
log  c    =  8.13204  -  10. 
log  (4  =  9.996725828  -  10 
log  ft  =  0.0068G-I1. 

n    =  t. 

C.  For  steam  from  100°  to  220°  C.  at  45°  latitude. 

log  p  =  a,  -  6l0l"  +  Cjft". 

aj  =  5.457570. 
log  6,  =  0.4r.'"(i-ji. 
logCl  =  7.74HJ*  _  10. 

log  a,  -  n.i«i»7nr."J6  -  10. 
log  ft  =  0.0076418. 
n    =  t  -  100. 
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Preuuro  of  8team  at  Latitude  45°.  — Bngiuh  8yiU«.  — To  radoee  the 

the  pressure  of  steam,  ao  that  they  will  give  the  preaeure*  io 

iida  oo  the  aquare  inch  for  degree*  Fahrenheit,  there  are  required  the 

pariaon  of  meaaurea  of  length,  and  of  weight,  the  comparison  of  the 

of  the  thermometer*,  and  the  specific  gravity  of  mercury. 

Profeaaor  Rogers  (/Yocwdfopt  of  Uu  Am.  Acad.  of  Art*  and 
188*-88>  alao  Additional  Ofcenwrtoiw,  etc. )  give*  for  the  length  of  the  metre, 
•2  incbea.    Thla  differ*  from  the   value  given  Clarke  (/v>- 

eaedtyt  of  tk*  Royal  Sod*y,  vol.  aw.,  1866),  by  an  amount  that  doea  not 
affect  the  value*  in  the  tablea ;  his  value  being  89.370432  incbea. 

i  /'/„/.    Transaction*,  <<W)  gives  for  the  weight 

.am,  2.2«  ;• omuls. 

Regnault  givea,  for  the  weight  of  one  litre  of  mercury,  13.5959  kilogram*. 
1  lie  degree  Fahrenheit  is  |  of  the  length  of  the  degree  Centigrade. 

;•    : 
Ar=  —       i » 


thru  the  equations  B  and  C  have  for  the  reduction  to  degree*  Fahrenheit, 
U  on  the  square  in 

log  p  =  a,  +  log  A-  —  b***  +  c/3*% 
log  p  m  a,  4-  log  *  -  Vi1"  +  'i  &*"• 

The   resulting  equations,  which   were  used  in  calculating  Tablea  I  a. 

are:  — 

U.     Fur  steam  from  32°  to  212°  F.,  in  pounds  on  the  square  inch. 

log  p    «  O,  -  baf  +  Cft'. 

a,  8  3.025908. 
tog  6   -  0.6117400. 
logo    »  8.13204  -  10. 
log  a,  -  9.998181015  -  10. 
log  ft  =  0.0038134. 

*   -  I  -  : 

C.     For  steam  from  212°  to  428°  F..  in  pounds  on  the  square  inch. 

a,  =  3*7 
log  6j  =  0.4121)* 
logc,  =  7.7-llrtH  -  10. 
log  «4  -  9.998561831  -  10. 
log  ft  =  0.0042! 

n    «  t 
All  of  the  foregoing  equations  make  the  pressure  a  function  of 

r»  the  scale  of  the  air-thermometer.     It  will  be  assume*  1  tint  iiu- 
i  that  scale  and  the  absolute  scale  may  be  neglected. 
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Other   Equations  for   the  Pressure  of  Steam.  —  Kunkine,  in  his   Steam 
Engine  and  other  Prime  Movers,  gives  the  following  equation  :  — 


For  pounds  on  the  square  inch,  corresponding  to  degrees  Fahrenheit,  — 

A  =  6.1007. 
log  B  =  3.436  1 
log  C  =  5.59873. 

T  =  t  +  461.°2F. 

This  equation  has  been  largely  used  for  calculating  tables  on  the  English 
system.  The  following  table  will  give  a  comparison  between  the  results  from 
this  formula  and  those  from  Formulae  B  and  C. 

TEMPERATURE.  1  U  K8SUBE. 

Refnaalt  at  45*  latitude.  Raoklne. 

32  0.0890                             0.083 

77  0.4555                             0.452 

122  1.7789                             1.78 

167  ..:.79                               5.58 

212  11.99  14.70 

257  33.711  33.71 

302  69.27  69.21 

347  129.79  129.8 

392  225.56  225.9 

428  336.26  336.3 

Differential    Co-efficient   -£.  —  As    will    be  seen   later,   the    different  ial 
at 

co-efficient   -,-  is  used  in  calculating  the  volume  and  density  of  saturated 

vapors. 

From  the  general  equation  of  the  form, 

log  p  =  a  +  ba*  +  c/3", 
differentiation  gives 

d 


m  which  3f  is  the  modulus  of  the  common  system  of  logarithms. 
The  equation  may  be  written,  — 


The  calculation  of  the  values  of  the  constants  gives  the  following  results 
for  latitude  45°  :  — 
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Freoch  uniu. 

B.    For  0°  to  100*  C.,  nun.  of  mercury, 
\ogA  -  8.8512729  -  10. 
log  B  -  6.69305  -  10. 
log  a,  -  9.9967*58*8  -  10. 
log  ft  -0.0068*, II 

C.    For  100°  to  220*  C.,  mm.  of  mercury, 
log  A  -  8.5495158  -  10. 
log  B  -  6.349S1  -  10. 
logo,  -  9.997411296  -  10. 
log  ft  -  0.00764 1-. 

English  uniU. 

B.    For  82°  to  212°  F.,  pound*  on  the  square  boh. 

log  A  -  8.5960005  -  10. 

log  B  -  6.43778  -  10. 

log  14  -  9.998181015  -  10. 

log  ft  -  0.00381.  .1 
0.     For  212°  to  l>    F..  |      .Ms  on  the  square  inch, 

log  A  =  *  -  10. 

tog  B  -  6.09403  -  10. 

log  a,  »  9.998561831  -  10. 

log  ft  »  0.0042454. 

Heat  of  the  Liquid  and  Specific  Heat  —  A  preliminary  aeries  of  expert- 

::>-)f!iaiill  that  llit-  *\  at  of  water  at  low  temperature 

i-  unity.     To  teat  the  -  .--at  at  ln-li.-r  temperatures,  be  ran  hoi  water 

from  a  boiler,  and  at  a  known  tcmperatuu-.  into  a  calorimeter  in  which  the 

I  from  8°  to  14°  C..  ami  tlu-  resulting  upper  temperature 

varied  from   17°  to  29°  C.     Knowing  the  original  weight  of  water  in  the 

meter,  the  weight  run  in  from  the  boiler,  and   the  initial  and   final 

•  :it  ures  in  the  caloriiu  il<  ulated  the  mean  specific  beat  of  water 

tie  temperature  of   the  boiler  and  the   final  temperatures  of  the 

:-.     A  series  of  forty  such  uents  was  made,  with  the  ten* 

re  of  tii«-  Ixiilcr  varviipj  from  108°  U>  .  from  which  Regnault 

i  that  the  mean  specific  oeat  from  0°  to  100°  is  1.005 ;  and  from  0*  to 

200°,  1  corresiwndiug  heat  of  the  liquid,  i.e.,  the  beat  required 

to  raise  one  kilogram  of  water  from  0°  to  a  given  temperature,  I,  la 

For  100°   .         .         .         .     100.5 
200°    ...     203.2 

Assuming  an  equation  of  the  form 

q  -  l  +  A*  4-  Br», 
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and  solving  for  the  two  constants  by  aid  of  the  t\\o  known  values  of  7,  the 
following  equation,  which  is  commonly  used,  is  deduced  :  — 

7  =  t  +  0.00002C  +  0.0000003*1. 
^pecific  heat  at  any  temperature  is.  thru-fore. — 

c  =  d?  =  1  +  0.00004*  +  O.OOOOOOOr*. 
at 

The-e  equations  are  for  use  with  the  Centigrade  scale  :   for  the  Fahrenheit 
I  -iM'ii  temperature  may  lie  reduced  to  the  Centigrade  scale,  and   then 
introduced  ill  the  same  rqiiationx. 

The  process  Of  making  the  experiments  is  really  a  complex  one;  for  the 
water,  in  leaving  the  holler,  has  work  done  on  it  by  the  >team  pressure  in 
the  boiler,  and  it  lias  a  certain  velocity  impress  on  it  at  the  same  tim< 
again,  in  filtering  the  calorimeter,  it-  docs  work  against  the  atmospheric 
pressure,  and  the  kinetic  energy  of  its  motion  is  changed  into  heat.  At 
higher  temperatures  there  is  a  double  change  of  state;  part  of  the  water 
in  on  leaving  the  boiler,  and  that  steam  i-  condensed  again  in 
the  calorimeter.  It  i»  probable  that  the  error  of  ncLrh-etini;  the  effect  of  these 
several  actions  is  Inconsiderable* 

The  of  accuracy  to  be  accorded  to  this  work   is  indicated  by  the 

fact   that   Regnault   gives    four  significant    figures    in    stating    the  data    for 
the  calculation  of  the  constants  in  the  equations. 

Rowland's  Experiments.  —  A  series  of  experiments  was  made  by  Rowland 

.'iniore.  to  determine  the  mechanical  equivalent  of  heat,  which  u 
delicate  method  of  determining  the  heat  of  the  liquid,  and  the  specific  1. 

Tlu' apparatus  used  was  similar  to  that  used  by  Joule,  with  modifications 
to  give  greater  certainty  of  results.  The  calorimeter  was  of  larger  >i/ 
the  paddle  had  the  upper  vanes  curved  like  the  blades  of  a  centrifugal  pump. 
to  give  a  strong  circulation  "up  through  the  centre,  past  the  thermometer  for 
taking  the  temperatures,  and  down  at  the  outside.  The  paddle  was  driven 
by  a  petroleum  engine,  and  the  power  applied  was  measured  by  makinir  tin- 
calorimeter  into  a  friction  brake,  with  two  arms  at  which  the  tuniiuLT  moment 
was  measured.  Radiation  was  made  as  small  as  possible,  and  then  was  made 
rminate  by  use  of  a  water-jacket  outside  of  the  calorimeter. 

The  experiments  consisted  essentially  in  delivering  a  measured  amount  of 
work  to  the  water  in  the  calorimeter,  and  in  noting  the  rise  of  temperature 
produced  thereby. 

The  whole  range  covered  by  the  experiments  was  from  2°  to  41°  C.  Tin- 
results  show  that  430  kilogram  metres  of  work  are  required  to  raise  one  kilo- 
gramme of  water  from  2°  to  3°  C.  Assuming  that  the  same  amount  will  be 
required  to  raise  the  same  weight  from  0°  to  1°  and  from  1°  to  2°,  the  follow- 
ing table  has  been  arranged  from  Rowland's  final  table  of  results:  — 
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14..-V1 
15.068 


TT1T 


MM 


4-.V..4 

Mil 


18.088 
10.068 
20.068 
U.OM 


17.066 
18.066 


XX066 

21.084 


M 
H 


M 

n 


M 

n 

M 

40 
41 


uvn 
lam 
HIM 

L1MI 
11978 


I 
J 

Mi  T 


18675 
MMfl 


4 -,  | 

M  T 


81.080 
82.018 
MAM 
84.011 


MLMI 

KS 

n  OBI 


MM 
88.007 


16801 
17088 


Uble,  column  1  gives  the  number  of  degrees  above 

on    the  Centigrade  scale  ;   column  2  gives  the  number  of   kilogramroetres 

;  iKl  to  raise  one  kilogramme  of  water  from  freezing  point  to  the  given 

rature;  column  S  is  Rowland's  mechanical  equivalent  of  heat  at  the 

from   10°  intervals  on  column  2;  column 

obtained  by  dividing  the  numbers  in  column  2  by  the  mechanical  equivalent 

it  at  16}°  C.,  or  62°  F.,  from  column  3  ;  and  column  5  is  calculated  by 

considering  the  specific  beat  to  be  constant  for  each  five  degrees  of  tempera- 

ture.    These  specific  heats  were  derived  from  a  curve  obtained  by  plotting 

ratures  for  abscissa?,  and  heats  of  the  liquid  for  ordinates.    The  values 

beats  will  jx?  given  later,  in  connection  with  those  for  higher 

temperatures. 

v  of  the  preceding  table  shows  that  the  specific  heat  at  low  teoh 
peratnres  varies  quite  markedly,  so  that  it  appeared  advisable  to  investigate 
the  effect  of  this  variation  on  Regnault's  ex|>oriroents  already  quoted. 
vas  done  quite  expeditious!  tiplying  the  mean  sp 


by  him  for  his  several  ex|»  l»y  the  true  average  specific  beat  for  the 

range  of  temperature  in  the  calorimeter.  This  corrected  specific  beat  was 
then  used  to  calculate  the  increase  of  heat  from  the  final  temperature  of  the 
calorimeter  to  the  temperature  of  the  boiler.  :m-l  that  increase  was  added  to 
the  heat  of  the  liquid  from  the  table  to  find  the  heat  of  the  liquid  at  the 
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temperature  of  the  boiler.  Tin-  n -suits  were  then  plotted  as  before,  and 
compared  with  the  heats  of  the  liquid  derived  from  Regnault's  mean  specific 
beats  uocorrectcd.  The  points  by  the  corrected  method  were  a  little  more 
regularly  arranged  than  the  points  obtained  by  assuming  the  specific  heat  to 
be  unity  at  low  temperatures;  but  tin-  improvement  was  inconsiderable.  The 
inequality  of  the  specific  heat  at  low  temperatures  is  seldom  so  much  as  the 
unavoidable  errors  of  the  meth<  - 1 . 

It  appeared,  that  if  the  specific  heat  was  assumed  to  be  constant.  from 
40°  to  45°,  from  45°  to  155°,  and  from  155°  to  200°  C.,  the  straight  lines  thus 
drawn  represented  the  experimental  values  as  recalculated  quite  nearly  :  .ml. 
further,  they  represented  the  unconnected  experinu -ntal  values  more  marly 
than  Reguault's  equation. 

Specific  Heat  of  Water.  —  The  combination  of  Rowland's  and  Regnault's 
experiments  on  the  heat  of  the  liquid  by  the  in< -thod  des< -nl.ed  gives  the 
specific  heats  set  down  in  the  following  table,  Centigrade  scale  :  — 

8PE<  II  l«      l II-: AT. 

From    0°to      5°  C.  32°  to  41°  1  .         .  I.OOT-J 

5°  10°  41°  50°  ...  1.0044 

10°  15°                50°  59°  ...  1.0016 

15°  20°  59°  68°  .         .  1. 

20°  25°  68°  77°  ...  0.9984 

25°  30°                77°  86°  ...  <>.:>fJ48 

30°  35°               86°  95°  ...  0.9964 

35°  40°  95°  104°  .         .         .  0.9982 

40°  45°  104°  113°  .         .         .  1. 

45°  155°  113°  311°  .         .         .  1.008 

155°  200°  311°  392°  .         .         .  1.046 

Thermal  Unit  —  Heat  is  measured  in  calories,  or  British  thermal  units 
(ETU).  A  calorie  commonly  is  defined  as  the  heat  required  to  raise  one 
kilogramme  of  water  from  freezing  point  to  1°  C. ;  and  a  British  thermal 
unit,  that  required  to  raise  one  pound  from  32°  to  33°  F.  Nothing  is  known 
about  the  specific  heat  of  water  from  0°  to  2°  C. ;  consequently  the  commonly 
accepted  value  of  the  thermal  unit  is  an  ideal  quantity  inferred  from  the 
behavior  of  water  at  higher  temperatures.  It  is  more  scientific  total 
easily  verified  quantity  for  the  standard ;  and  there  is  a  practical  convenience 
in  choosing  62°  F.  for  the  standard  temperature,  because  it  is  near  the  mean 
temperature  of  the  air  during  experimental  work.  Therefore,  it  is  near  t In- 
mean  temperature  in  the  calorimeter  during  ordinary  work  with  that  instru- 
ment; and  the  specific  heat  of  water  for  the  range  of  temperature  in  the 
calorimeter  may  usually  be  considered  to  be  unity  without  error,  unless  great 
refinement  is  desired. 

The  BTU  in  Tables  I  and  II  is  taken  to  be  the  heat  required  to  raise 
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one  pound  of  water  from  62*  to  63*  F.    Thin  agrees  subttantially  with  the 
definition  -f   the  calorie,  at  the  heal  required  to  raiae  ooe  kilogramme  of 

•  in  I."**  U*  16°  « 

In  ih.-  tal.lt  s  for  oilier  vapors  than  steam,  the  old  definition  for  the  calorie. 
I  value  for  the  heat  of  the  liquid,  are  retained,  to  avoid  entire 
recalculation. 

Mechanical  Equivalent  of  Heat— The  mechanical  equivalent  in  metre- 
kilogramme*  of  one  calorie  at  16|*  C.,  deduced  from  Rowland'*  experiment* 
third  column  of  the  table  on  page  M . 

ce  the  value  given  by  Joule  i*  commonly  quoted,  it  will  be  of  interest 
comparison  of  hi*  latent  *  itowland's,  aa  given  in 

. 


Joul*'.  ValM  •* 


r  I  hrrntc 

,     .  • 


.  •  . 


77:7 


77.'.  ! 
77-  J 

77-:. 
777." 


*JU 

BM) 

n  7 

4_"     . 


5:7' 

m 

m  • 


ititmle  39°  17,  to  980.05  centimetre*  there- 
reducing  to   I  >    .-!    latitu.l, •.  and  at  the  tea  level,  the  value  of  the 
mechanical  equivalent  of  beat  is 

J  =  426.9. 

To  reduce  to  the  English  system,  multiply  by  |,  and  by  the  length  of  the 
metre  in  feet,  so  that 

J  =  778. 

Total  Heat  — This  term  is  defined  as  the  heat  required  to  raise  a  unit  of 
weight  of  water  from  freezing  point  to  a  given  temperature,  and  to  entirely 
evaporate  it  at  that  temperature.  The  experiment*  made  by  Regnauh 

reverse  order ;  that  is,  steam  was  led  from  a  boiler  into  the  calorimeter, 

and  there  condensed.     Knowing  the  initial  and  final  weight*  of  the  caiori- 

the  temperature  of  the  steam,  and  tbe  initial  and  final  temperature* 

uf  tlu-  wat.  r  in  the  calorimeter,  he  was  able,  after  applying  the 

correction*,  to  calculate  the  total  beats  for  the  several  experiment*. 

A*  a  conclusion  of  the  work,  he  give*  the  following  value*  for 

beat-:  — 

10*  610  Bj  equation,  609.0 

M°  r,L»:,  6*6.* 

100* 

i  •.•;.• 
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Assuming  an  equation  of  the  form 
A  =  A  +  J9f, 

Regnault  calculated  the  constants  from  the  values  given  for  100°  and  195°, 
and  gives  the  equation 

A  =  606.5  +  0.305*. 

Wishing  to  see  the  effect  of  the  varying  value  of  the  specific  heat  at  low 
temperatures,  I  recalculated  the  total  heats  given  by  experiment,  by  a  method 
resembling  that  used  in  recalculation  of  the  heats  of  the  liquid,  and  plotted 
the  results  together  with  Hegnault's  values  uncorrected.  The  n •< -al< -ulatcd 
points  were  a  little  more  regular  than  the  original  ones,  and  lay  nearer  (In- 
line represented  by  the  above  equation.  Especially  did  the  recalculated 
points  for  those  experiments,  for  which  the  true  mean  specific  heat  of  tin- 
water  in  the  calorimeter  was  nearly  unity,  lie  near  that  line.  It  then-fun- 
i  rs  that  the  equation  represents  our  best  knowledge  of  the  total  heat  of 
steam. 

For  the  Fahrenheit  scale  the  equation  becomes 

A  =  lOiU.7  +  0.305  (t  —  32). 

Heat  of  Vaporization.  —  If  the  heat  of  the  liquid  be  subtracted  from  the 
total  beat,  the  remainder  is  called  the  heat  of  vaporization,  and  is  represented 
by  r,  so  that 

r  =  A  —  q. 

Internal  and  External  Latent  Heat  —  The  heat  of  vaporization  overcomes 
external  pressure,  and  changes  the  state  from  liquid  to  vapor  at  constant 
temperature  and  pressure.  Let  the  specific  volume  of  the  saturated  vapor  be 
«,  and  that  of  the  liquid  be  rr,  then  the  change  of  volume  is  s  —  a-  =  u,  on 
passing  from  the  liquid  to  the  vaporous  state.  The  external  work  is 

p(s  -  a)  =  pu, 
and  the  corresponding  amount  of  heat,  or  the  external  latent  heat,  is 

Ap(s  —  <r)  =  Apu, 
A  being  the  reciprocal  of  the  mechanical  equivalent  of  heat. 

The  heat  required  to  do  the  disgregation  work,  or  the  internal  latent 
heat,  is 

p  =  r  —  A  i 

Specific  Volume  and  Density  of  Steam,  —  On  account  of  the  great  difllculty 
of  direct  determination  of  the  weight  of  saturated  steam,  it  is  customary  to 
calculate  the  specific  volume  of  steam  by  aid  of  the  following  equation, 
derived  by  the  application  of  the  principles  of  thermo-dynamics  to  the  genersl 
equation  representing  the  properties  of  saturated  vapor :  — 

r       1 
AT'fy^ 
dt 
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in  which  A  is  the  reciprocal  of  the  mechanical  equivalent  of  beat,  T  U  toe 
"m  the  absolute  zero,  and  *  is  the  volume  of  one  unit  of  weight 

of  tl  from  wuich  the  vapor  ia  formed.    The  differential  co-efficient 


can  be  calculated  by  aid  of  the  equation*  on  page  1  1  . 

temperature  ia  obtained  bj  ado  7  to  the 

•rees  Centigrade,  or  460.7  to  the  temper:  legrees  Fi 

volume*  and  den»itk«  of  saturated  steam  given  in  Tablea  I,  II. 
!  I    were  calculated  by  this  method. 

It  is    ,f  interest  to  consider  the  degree  of  accuracy  that  may  be  expected 

method  of  calculating  the  density  of  saturated  vapor.    The  value 

of  r  ropcnds  on  A  a;  f  the  first,  Regnault  gives  three  figures  hi  the  data 

from  whirl,  t!i«-  i-inpirirnl  equation  is  deduced,  and  the  experimental  work 

does  not  indicate  a  greater  degree  of  accuracy.    The  fourth  figure,  if  stated, 

unite.     The  value  of  7  is  com* 

urea,  of  which  the  last  may  be  in  error  by  two  unit*. 

A,  as  •!••:•  i  iiimr.i  l-\  How-land.  lias  four  figures,  the  last  being  uncertain  to 

the  extent  of  one  or  two  units.     The  differential  co-effi<  ?  ia  deduced 

from  •  ions  for  calculating  ;>;  and  those  equations  are  derived  from 

English  system  give  a  pressure  of  14.6967 

|M>umU  nn   the  square  inch;    1-ut  the   s^citic  volume  calculated  by  : 
K-lua'  .ilr   Filiation  C  - 

The  mean.  -  !r»m  either  t»y  aln.ut  one  in  seven  luu 

i  *luc  to  the  f:i  s  represented  by  EquaUona 

/>  aim  c  common  tempcratun  it  «i«.  not  have  a  common 

tangent.      -  .-•  filiations  are  cmpnirnl  n:,-l   \.--i   l..-jir:»l.  t! 

11  (  alcuhited  specific  volumes  are  affec- 
•y.     The  greatest  probable  error  is  in  ilrt.-rmS: 
which  it  may  IK?  about  one  in  one  thousand.     The  error  intrtxlucvtl  into  thi.i 

•.-  tlu-  values  of  A  in  common  use,  that  is,  772  instead  of 
is  abo 


Tata  and  Fairbairn's  Experiments.  —  In  1860  an  attempt  was  made  by 
i  ic  the   >|.e.-i:ic  \-..  in  MI.-   <>r  .steam  by  direct 

,  taken  f  ron  Tranmtin**. 

results  of  all  their  experiineuU,  to.  U  the  rnhm  t 

calculated  by  their  empirical  formula, 

49&18 
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rrw.ur.ln 
of  Slrrcury. 

Maximum 
Temperature, 
KahrenlMli.  of 
Saturation. 

T 

VohMM  fr.,m 
Kxi-r,,,,,,,!.. 

Specific 
Volume  from 
Formula. 

Error  of 
Formula. 

1 

BJO 

13*1.77 

827 

8183 

8 

8J8 

B888J 

6880 

-T^f 

8 

145 

4t««l 

4 

18.41 

L70 

8fOO 

^JL 

5 

171.48 

3715.1 

8740 

4-T|v 

8 

];;  I'i-J 

17: 

8438.1 

B478 

-*-  JL 

7 

18.01 

8051.0 

8086 

—  i  . 

8 

I8JO 

8080 

0 

8188 

•J  149.5 

L'lL'l 

V 

53.61 

242.00 

().j;>.  i 

801 

_     1 

V 

51*8 

144 

8010 

800 

3' 

5180 

8010 

800 

"T 

4f 

0184 

uo 

758 

—  Tsl 

V 

7''..  -jo 

26,'UI 

(ir.it 

J3f 

6' 

267.  L'l 

888 

7' 

84.20 

.20 

008 

4*yfi 

& 

88*88 

H4 

584.4 

—  .  |L 

V 

I'd  (IS 

27:', 

545 

"^F7T 

l(y 

8180 

18 

515.0 

519 

-j-jiy 

11' 

104 

282.58 

407.8 

496 

_  _i_ 

us 

287. 

461 

+  rl? 

13' 

IttJO 

801 

428 

—  J.. 

14' 

114.25 

449.6 

456 

It  is  apparent  that  the  errors  of  this  formula  are  much  larger  than  the 
probable  errors  of  the  thermo-dynamic  method. 

The  following  table,  giving  the  volumes  in  cubic  metres  of  one  kilogramme 
of  saturated  steam,  shows  the  comparison  of  the  two  methods  :  — 

By  equatioa  o"  c.        so*  c.     100*  c.        iw  c.         200*  c. 

~  +  <r    ,         .  211.5       12.11     1.660     0.3875    0.1277 


—  ,     54.97     11.43     1.643    0.3706    0.1343 


From  equation 
V  =  25.62  + 


Steam  Entropy.  —  From  the  second   law  of    thermo-dynamics  may  be 
deduced  the  equation 

«*  =  $ 

In  which  <f>  is  the  entropy,  dQ  is  the  heat  applied  or  withdrawn,  and  T  is  the 
absolute  temperature.  Since  the  entropy  depends  on  the  state  of  the  sub- 
stance only,  and  not  on  the  method  of  arriving  at  that  state,  we  may  calculate 
the  increase  of  entropy  in  one  unit  of  weight  of  a  given  mixture  <»t 
and  steam,  above  the  entropy  of  one  pound  of  water  at  freezing  point,  in  the 
following  method.  Suppose  that  one  unit  of  weight  of  water  '.  i  from 
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freezing  point  to  the  temperature  /,  and  that  the  portion  x  Is  thcu 
into  steam.     During  the  first  operation  the  change  of  entropy  will  be 


During  the  aeoood  operation  the  change  of  entropy  will  be 

F 

since  the  beat  U  added  at  the  constant  temperature  I.    The  entire 
antropy  trill  bo 


At  any  other  state  the  entropy  of  a  unit  of  weight  of  a 
aad  wattr  will  be 


and  the  change  of  entropy  will  be 

*-t,_ 
ing  an  adiabatic  change  no  hear  is  transmitted,  and  the  entropy  to 


When  the   initial  state  im-liMim;  tln»  value  of  x  is  known,  and  alto  the 

foul  :iture  or  pressure,  the  fiimi  value  of  xl  may  be  calculated  by 

above  e«i  and  the  initial  and  final  volumes  may  be  found  by  the 


v  »  XM  -»-  <r,        v,  =  271,  -f  <r  ; 
Che  value  of  u  for  a  given  temperature  or  pressure,  from  the  equation, 

•  »»  u  +  <r. 

Entropy  of  the  Liquid.  —  Win  u  the  specific  heat  of  a  liquid  is  known  hi 
terms  of  the  teroi  ibe  entropy  of  th«-  li.4 

f%« 

BJ.  T' 

Is  readily  calculated.     For  water  we  have,  for  example,  the  entropy  of  the 
l-'OTS  log.        +  1.0044   log.         -h  1.0016  tog.       . 


Ft  U  having  the  general  formula  for  the  heat  of  the  liquid, 

g  «  «t  +  U*  +  d8, 

til*''  '-ntri'i-v  is 

/)         /      (a  +  26*  +  Sd*)  <ft 

J.  r 
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Other  Vapor*.  —  Tables  IV  to  IX  are  taken  from  Zeuner's  Mechanischen 
Warmetkeorie.  His  values  for  the  specific  volume  and  density  were  calcu- 
lated with  273  for  the  absolute  temperature  of  0°  C.,  and  with  r.'l  f 

iiic  :il  i  .juivalcnt  of  heat.  To  lu-inn  these  tables  into  accord  with  Tables 
I,  II.  and  III.  the  values  of  the  specific  volume  and  density  have  been 
modified  by  using  273.7  for  the  absolute  temperature  of  0°  C.,  and  !_'<.,  f»r 
the  mechanical  i  •<jiiiv:ilrnt  of  heat  at  Paris. 

filiations  by  \\  liirli  the  tables  were  calculated,  taken  from  Regnault's 

irs,  Academie  des  Sciences,  Comptes  rendu*,  Tome  A  A  A  17.  :n<    here 

assembled,  together  with  Zeuner's  equations  for  the  differential  co-efficient, 
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bff 

a 

b 

0 

1 

2 

3 

4 

5 

Alcohol    

a  —  6a*  -f  c^" 

MtMHOM 

19608060 

(i  MKi:;'.»7 

,T    

a-H6a"  — 

B.OI8QW6 

0.0002284 

3.1006390 

Chloroform  .... 

a  —  6a*  —  c^» 

6.2253803 

:1281 

0.0668078 

Carbon  bisulphide     . 

a  —  &a»  —  c0* 

5.4011662 

3.4405663 

0.2857386 

Carbon  tetrachloricle 

a  —  to"  —  c/3" 

12.01" 

9.1875180 

1.9674890 

TEMPERATURE   AND   PRESSURE  —  Concluded. 


toga. 

bff* 

D 

LlralU. 

6 

T 

8 

0 

ohol       

LWV06661 

T.04W485 

t-f20 

—  200,+  150°C. 

Ether  .... 

001  r 

T.996877 

t-*-20 

—  20°,H 

ioroform  .... 

T.9974  1  1  1 

1.9868176 

t—  20 

+  i'(»°,- 

Carbon  bisulphide 

1.9977628 

1.9911997 

t+20 

-200,+  1400 

Carbon  tetrachloride  . 

1.9997120 

T.9949780 

t+20 

-20°,-H188° 

The  equation  for  the  temperature  and  pressure  of  the  saturated  vapor  of 
•ceton,  as  recalculated  by  Zeuner,  is,  — 

log  p  =  a  —  6a"  -f  c£*. 

a  =  5.3085419. 

log&u"  =  -f  0.53127GG  -  0.0026148«. 
log  c/3"  a  - 
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i  in 


Alcohol 

. 

A.  .  •••!»  . 


-I         -••!••:._.• 

-  :   ,      ••;>    .M.r.-j  7... 

-  -        .-     ......... 

-!.  M   I    pLOQMMH 


ill! 

-4.4aunM+Q.oi4Niai 

-1.061 

tl 

-UOM  • 


•BAT  OF  TUB 


. 
I 

reform 

Carton  bisulphide 
Carton  tetracbloiide  • 
Acx-tou 

. 

inform 

<  'hide      . 

Carton  tetrachloride  . 
Aoeton 


9  B 
g  . 
g  = 
7  =  O.IUT'JH/ 


0.ooil21«/« 
0.000*959<* 
0.0 

0.00008  l.'.f1 
0.0000906^ 


O.OOOOOttO* 


«  0.506431  +  0.00039W 

TOTAL  HEAT. 

X  -  94  +  0.4.V  -  0.00055556^ 

X  -  67  4-  0.13751 

A  -91     -o.14r.ou  -  0.0004128^ 

A^  -0.0001 

A  --  140.0  +  0.3C644*  -  0.000516^ 


total  heat  of  alcohol  varies  in  bo  irregular  a  manner  that  DO 
can  I*  toe  it. 

Drives  the  following  empirical  equations  for  calculating  the  boat 
.,  which  are  proposed  to  lessen  the  labor  of 

BEAT  EQUIVALENT  OP  IXTCRXAL  WORK. 


. 

. 

reform 

on  bisulphide 
Carton  tetrachloride  . 
Aceton 


p  =  575.40  -  0.79U 
p  =  86.54  -  0.1064&  -  0.0007160*9 
p  =  62.44  -  0.112H2/  -  0.000014<* 
p  =  82.79  -  0.114461  -  0.00040** 
p  =  48.57  -  O.OT>H44f  -  0.0002080(« 
p  =  131.63  -  0.201  H4(  -  0.0006280^ 


Sulphur  Dioxide  and  Ammonia,— The  use  of  ice-machines  has  brought 
rominence  liquids  which  vaporize  at  low  temperatures.     For  two  sock 
li.jui-U.  Milpln:  and  ammonia,  Regnault  gives  the  following  eqiiitiofji 

for  temperature  and  pressure :  — 
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SULPHUR  DIOXM>K.  AMMOXIA. 

log  p  =  a  —  6a"  —  cf  log  p  =  a  —  ba*  —  c/J" 

a  =  5.6663790  a  =  11.5043330 

6  =  3.0146890  6  =    7.4503520 

c  =  0.1465400  c  =    0.9499674 

log  a   =1.9972989  log  a   =     1.9996014 

log/?  =  1.9872900  k>g/J  =    1.9931*: 

n  =  t  +  28  n  =  t  +  L'_' 

Limit*,  -28,  +62.  Limits,  -22,  +82. 

Unfortunately  the  heat  of  the  liquid  and  the  total  heat  for  these  sub- 
stances have  not  been  determined.  We  have,  however,  eomc  of  the 
properties  of  these  substances  in  the  gaseous  state  or  more  properly  in  the 
state  of  superheated  vapors. 

Now,  it  has  been  shown  by  Zeuner  that  superheated  steam  may  have  iU 
properties  represented  by  the  equation 


in  which  ;>  is  the  pressure  in  pounds  on  the  square  foot  or  kilograms  on 
the  square  meter,  v  id  the  volume  of  a  pound  in  cubic  feet  or  of  a  kilogram 
in  cubic  meters,  and  T  is  the  absolute  temperature.  The  constants  have 
the  following  values  when  calculated  from  the  properties  of  saturated 
oteam: 

French  units,   .     .     .    ,     5  =  51.3         C=198        a  =  f 
English  units,   ....     5  =  93.5        C=971        a  =  i. 

It  was  first  proposed  by  Ledoux  to  find  similar  equations  to  represent 
the  properties  of  superheated  sulphur  dioxide  and  ammonia,  and  to  use 
such  equations  for  calculating  approximate  tables  of  the  properties  of  these 
vapors  when  saturated,  just  as  the  tables  of  the  properties  of  saturated 
steam  had  been  nsed  in  establishing  the  equation  for  superheated  steam. 

In  the  TJifi  of  Ihe  Steam-engine  by  the  author,  pages  452 

to  459,  this  calculation  has  been  carried  out  with  the  best  ascertained 
properties  of  the  superheated  vapors  of  sulphor  dioxide  and  ammonia  with 
the  following  results: 

SULPHUR  DIOXIDE.  AMMONIA. 

French  units,  pv  *=  14.5    T-    4Sp'*        pv  =  54.3   7^-142^ 
English  units,  pv  =  26.4   T  -  184/-*        pv  =  99      T-  710/>1 

The  application  of  these  equations  to  the  vapors  when  saturated  give* 
the  following  results: 


SATURATED  8TBAM,  AND  OTUXB   VAPORS. 
HEAT  or  YAPORIXATIOX. 

•ri.rnt  it   M"i::>K  AMUOSHA. 

Frwh  uniti,    r=    98  -Ov  r  =  SOO-0.8/. 

English  unitii,     r  =  176  -  0.2?(/  -  SI)        r  =  540  -  0.8(/  -  tt> 

HEAT  or  THE  LIQUID. 


0  =  0.4  c-1 

Tables  X  and  XI  wnv  calculated  by  aid  of  the 

may  be  of  use  fur  u  Rations,  in  default  of  more  reliable  tahiea. 

Specific  Volume  of  Liquids.  —  Table  XII  was  taken  from  the  fftys.-Otoa. 

VH  of  Landolt  and  Boms  t 

Volume   of  Water. —  Table  XIII  gives  the  volumes  of  water  compared 
olume  at  4°.    From  0°  to  100°  C.,  the  values  are  those  given  by 
Rossclti       AU.M    KM i  .  ti>.   values  are  those  calculated  by  the  equations  given 
1  irn  in  the  Annalea  cb  Chimie  et  de  Phy>  >/7. 

Volumes  of  Liquids.  — The  volumes  of  liqui-U  at  high  temperatures,  com- 
pared  with  the  volume  at  freezing  point,  are  repreaented  by  the  following 
m  in  the  Annole* :  — 


.  to  200°  C.    (roL  al4°C. 

.    .  v=l+a000108fl7875i  r,.ux,U4 

+0, 
-0. 
Alcohol  80°C.  to  180°  C.  (voL  at  0»  C.= 

<>) r=l+a0007380a«^ 

7-1U 

+a00000000040413567«« 
Ether  809  C.  to  130°  C.  (vol  at  0°  C.= 
uuitv) r=l+a001S4880fi«  T.l.-r- 


Carbon  bisulphide  30®  to  180°  C.  (vol.  at 

0°C.  =  unlty) r=l +0.001 16805MW  7.0874898-1C 

fdOOOOOlOttsW 

-"., 81ll90sV     QL8Qtlfl»-l 


Carbon  tetrschloride  30* to  100° C.  (vol.  at 

r=  1+0,00108718881  7    .-    i - 

•fna flMU  7-  4.56*n«3-lC 

-O.OOIII' 
+O.OOOOOOOOU06&18VS18I4 
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Other  Data.  —  For  con\  mii-nce  the  following  data  are  assembled  :  — 

Length  of  the  metre  in  inches      ,  J  89'3702  <H°S0r8> 

(  39.3701.::.'  (Clarke) 

_dit  of  the  kilogramme  in  pounds  .         .         .  46*126 

iit  of  1  litre  (1  en.  decimetre)  <»f  mercury    .          13.5959  kilos, 
tons  power,  in  foot  pounds  per  Moood       .         .v»o 
Cfttvofd  vopeuj.  in  kilugrammetres  per  second    .          ::, 

(!iun.  «.f  mercury. 
*  kilo*  per  .q.m. 
I-  in. 
21 1  •;.:;•_'  Ibi.  per.  sq.  ft 

{.»-•'     O-    /I 
'_    .' 

Explanation  of  the  Tables.—  In  Table  I.  the  first  column  gi\«>  tin-  tnu- 

irc.  /.  of   -aturatcd  steam. 

The  second  column  gives  the  correspond in.Lr  pressure,  p,  in  pounds  on  tin 
square  inch,  above  an  absolute  vacuum  :  the  differ, 
the   two  numbers  from  which   they  are   derived.      1,  i    .\ample.    the    j 
at  40°  F.  is  0.121T,  pounds  per  square  inch  :  and  the.  dil;  ;.j  be  used  in 

interpolation,  and  placed  half  a  line  lower,  is  48. 

The  third  column  gives  the  heat  of  the  liquid,  qr,  required  to  raise  the 
temperature  <>f  one  pound  of  water  from  32r  F.  to  a  given  temperature. 

The  fourth  column  gives  the  total  hes*\  X,  required  to  ra  pound  of 

water  from  32°  F.  to  a  given  temperature,  and  to  entirely  vapori/.e  it  under 

pressure  due  to  that  temperature. 

The  fifth  column  gives  the  heat  of  vaporization,  or  the  heat  required  to 

•»rize  one  pound  of  water  at  a  given  temperature,  under  the  pressure 
corresponding. 

The  sixth  column  gives  the  heat  required  to  do  the  disgregation  work 
during  the  vaporization  of  one  pound  of  water. 

The  seventh  column  gives  the  heat  required  to  overcome  the  external 
pressure,  and  do  the  work  of  increasing  the  volume  from  <r  to  s. 

The  eighth  column  gives  the  entropy  of  the  liquid. 

The  ninth  and  tenth  columns  give  the  specific  volume,  or  volume  in  cubic 
feet,  of  one  pound  of  saturated  steam,  and  the  density  or  weight  of 
cubic  foot  in  pounds. 

Table  II  differs  from  Table  I  in  that  it  is  arranged  to  give  the  \ 
of  saturated  steam  for  each  pound  of  pressure. 

Table  III  gives  the  properties  of  saturated  steam  in  French  units ;  and 
Tables  IV  to  XI  give  the  properties  of  other  saturated  vapors  in  the  sam* 
units.  It  is  to  be  noted  that  the  pressures  in  Tables  IV  to  IX  are  in  milli- 
metres of  mercury;  in  Tables  X  and  XI,  are  in  kilogrammes  per  square 
metre. 
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0.6880 


0.5903 

0.5H45 

(X6068 


0.1532ft1 

" 


o.  1  4  I  LT ' 

o.i.Wr;.: 

0.135727 

0.1 

0.127725 

•  M'J.VJ.^ 
0*.1204^ 
0.1181 


0.111::,, 

0.1002; 


0.1071 


0.10502Q 


fi.Ktjo 

o.ioni 

0.0992 

o.(«»7:; 
«MKi54 


o.O!US 
0.0001J 
0.0884 

0.0868 


6.938 


L42 

'147 


191 
192 
193 

194 
195 
196 


,„,  197 
198 
199 


7.827 

7.'.»S4 
s.i  4:5 
8.305 

8.470 

S.lKjH 

8.810 


un 

159 

m 

166 

Ifll* 

171 
174 

170 


200 

201 
202 
203 

204 
205 
206 

207 


9.338] 

'J.51H 


]85 


208 
209 

210 

211 


9.70419Q 
B.804JS      212 

lO.OS^80  213 


214 
215 
216 

217 
218 
219 

220 


10.8091 

11.  lor' 


M 


TABLE  IV. 

SATURATED     VAPOR    OF    ETHER. 


1*189 


10 
20 
30 

40 
50 
60 

70 
80 
90 

100 
110 

120 


•180 
MfMM 

I88U 
imo 

•on 


,! 
i 


0.00 

ia70 

10.14 

ltd 
R.19 


U.Jl 


•J6 

»'.1.77 
•-.7.7J 


IM4 

108.18 

101.00 

111.11 
U94MI 


1.  ;...,., 

I  :.:.n 
18118 
L40LOO 


r 


8100 
88.11 


Bf|.M 


B18Q 
B8J8 
§100 

77.. >- 


IMI 

BM1 


81.15 


:-.  i-. 
nji 

71.  u; 


1.91 

8.14 

Ml 

181 
Ml 

8.81 
Ml 

181 

8.88 
8.09 


„.„!..  .. 


0109111 


(HUBQ 
a  1570 
ai735 

n.lv.l 

OUMI 


I 


1.278 


0.4013 


OitlM 
OL1IM 

.  KSH 

.  ....7.1 


OL08M 


Uflj 
LVM 


4.7H 


-  .:  . 

1"7. 

i  Lfl 

17    -. 

_-!.7' 

n »: 


10 

2C 

30 

40 
30 

60 

70 
80 
90 

100 

110 

120 


TABLE  V. 


SATURATED    VAPOR    OF    ALCOHOL. 


FRENCH   UNITS. 


i 

I 

1 

v  —  . 

i 

DENSITY. 

| 

Pi 

1 

I 

1 

I 

-} 

!L 
-ft 

5? 

IL 

£~ 

Specific  Volu 

i 

PI 

t 

A 

r 

p 

A>u 

If 

I 

V 

t 

0 

12.70 

0.00 

2S0J 

236.50 

223.38 

13.12 

0.0000 

32.21 

0.03105 

0 

10 

5.59 

•JU.4 

238.81 

225.29 

13.52 

0.01996 

17.39 

0.05750 

10 

20 

11.4'J 

i>4o.;>s 

226.56 

14.02 

<n>4<M>:; 

'.».S4T 

0.1- 

20 

30 

258.0 

240.51 

14.48 

0.06029 

5.763 

(|.17:38 

30 

40 

133.09 

23.71 

262.0 

238.29 

14.85 

(..OS..T;; 

3.465 

0.2886 

40 

50 

219.90 

30.21 

264.0 

218.69 

15.10 

0.1014 

2.148 

50 

60 

87.fi 

265.0 

212.38 

15.25 

o.lL'2:; 

1.359 

otTwe 

60 

70 

541.15 

44.58 

265.2 

220.62 

205.28 

16.84 

0.1435 

0.8855 

70 

80 

B1S.91 

52.11 

266.9 

l<)7.r,'.» 

15.40 

<).i<r,o 

0.5921 

80 

90 

1189.3 

59.97 

266.0 

•joiiioij 

190.54 

15.49 

0.1868 

0.4073 

90 

100 

I007J 

68.18 

267.3 

199.12 

183.54 

15.58 

0.2090 

0.2874 

^479 

100 

110 

2807.0 

209.0 

I'.f  sfj 

iTT.i:. 

15.71 

0.2315 

0.2083 

4.  sol 

110 

120 

85.67 

272.5 

18&88 

170.97 

15.86 

O.K44 

0.1544 

120 

130 

4323.0 

9190 

276.0 

181.02 

164.99 

16.03 

0.2776 

0.1170 

8.547 

130 

140 

104.70 

281X6 

17.-..so 

l.V.»..V> 

in.'jr, 

0.0905 

11.06 

140 

150 

114.82 

285J 

170.48 

164.08 

10.46 

0.3254 

0.0714 

14.01 

150 

TABLE  VI. 

SATURATED  VAPOR  OF  CHLOROFORM. 


10 
20 
30 

40 
50 
60 

70 
80 
90 

100 
110 
120 

130 
140 
150 

160 


I 


.V.7J 

toon 


NO08 

lujj    1 

I80OI 
81108 

B86O1 

•OBJ 


7280.0 


aoo 

U8 

g  :: 

BL88 


H  IT 


SUM 
B6JO 


6MM 

8O78 

njo 

RJB 

9O08 
7OOO 


9078 

B08Q 

8191 
BOJB 

-7.'.-' 

88108 


HJM 
8O04 
8110 
8018 

801  : 

00.11 
50.08 
BO08 

BO88 
8108 


Bi.78 
8L08 

8088 


8B  • 
8U8 


BO78 


I7.« 

ML80 
45.10 

•JO 


B  »" 
BJ8 

10B 
088 
008 
8J8 
8J8 
088 
OOB 


r 


00088B 
BU  M  • 


10 

OOMM 

000888 
O08891 


000881 
006888 


008818 
8J088B 

OUOfi 


I    77 


004  7 

B  M88 

0  (88 
018M 

anrio 
OU88 

aowi 

"  "777 
00618 
00688 

0.0410 
00688 
006BB 

BUMMB 


•  • .!.  : 
MOM 

i      i 
OMB 


MJ8 

1-7 

8008 


B8  * 
BOO 

41.2 


0 

10 

20 
30 

40 
50 
60 

70 

80 

90 


110 
120 


140 
150 

160 

I 


TABLE  vii. 


SATURATED     VAPOR    OF     CARBON    BISULPHIDR 

FRENCH   UNIT*. 


I1 

icdt 

JT 


DlNRITY. 


10 

20 
30 

40 
50 
60 

70 
80 
90 

100 
110 
120 

130 
140 
150 


137.91 

196.46 
268.06 
HIM 

617.53 
857.07 

1164.5 

2<i:;-j.5 
2619.1 

3325.2 
4164.1 
5148.8 

6291.6 
7804,0 
0005.9 


0.00 
2.36 

9.54 
11.96 

14.41 

16.86 


21.83 

24.34 

I*;.N; 
29.40 

31.96 

:;4.5:; 
:IT.H' 


90.00 

91.42 
I'L'.Te 
M.01 

95.18 
67.26 

98.20 
00.0. 
99.80 

100.48 
101.07 
101.58 

102.01 

lo-.3»; 
lo.'.OJ 


90.00 

89.06 
6&09 
B6b86 

85.64 
84.31 
82.87 

81.34 
77.97 

76.14 
74.21 

72.18 

70.05 
87.88 

05.50 


B2.70 

81.58 
Tsi»7 
77.54 
T4.4B 
72.78 
60.20 
O7.i".» 
63.24 

61.09 
68.86 
68.56 


7.24 

7.48 
7.71 
7.91 

8.10 
8.27 
8.42 

8.56 
8.67 
8.77 

8.85 
8.90 
8.94 

8.96 
8.05 

-V.»li 


0.00000 


0.01070 
0.02472 

0.04756 

0.054  Si 

0.06686 

0.07566 

o.o>-:;:; 
0.08886 

o.o'...V_'7 
0.10157 
0.10775 


L786 

1.177 

o.so71 

(».5«i.x4 

o.4o'.«S 
0.8017 
0.2264 

0.1726 

0.1338 
0.1052 

0.0837 
0.0549 

0.0452 

O.o:)75 
o.o:514 


0.5662 

O.S4M 
1.759 

r,.7JW 
7.17.; 
9.51 

11.95 

14.84 
18.21 

22.12 

26.7 

31.8 


TABLE  vm. 


SATURATED  VAPOR  OF  CARBON  TBTR  ACHLORIDB. 

rvrr*. 


1 


k 

i- 


I 


KM 


10 
20 
30 

40 
90 
60 

70 

bO 

90 

100 
110 
120 

130 

140 
ISO 


160 


KM 

8ttJB 

11  •-••_•..: 

8808.1 
M8M 

noao 


„.,., 

LM 
190 
8LM 

8.06 

1'U-J 
ISJ8 

14.30 
MLM 
I8JB 

8811Q 

H  -7 


BMO 

53.44 
8188 


M.OO 

51.45 
B081 

Mm 


.'7.. '7 
H  10 

.;i.7.: 

8108 


60.16 

8L40 

82.60 
88.11 

8198 
86.01 

.'.7. "7 

88.10 
80.10 

ILM 


17.1-. 

HJi 
MJ8 

u."i 

OHM 
80.61 


I-..M 

RJ8 
I7.U 
HLM 

»-.:,  i 
\  LOO 

HUM 

88LM 

HLM 
RJI 

88118 
81M 


n  .-I 


.1.-.J7 


3.46 

a.60 
;.7J 
1M 

4.01 
LM 

i ...:, 
I  7J 
4.58 
LM 

i  M 
LM 
LM 

LM 


BJ88M 

0.00714 
Oi01400 


un 

MM 


8L«MB 
OL080M 


n.>.;i 
II.4HW 


8  I--7 

-77.; 

2.454 


0.06848 


mnoM 
OLCfnM 


OltlM 

BLUM 

Q  "77" 


0.08606 
M8001 

8J8W 


6L061 

7    I 

MUM 
12.00 

M   7 

9X41 
31.2 


10 
20 
30 

40 
90 
60 

70 
80 
90 

100 

no 
120 

130 
140 
190 

160 


TABLE  IX. 


SATURATED    VAPOR    OF    ACETON. 

FRBNCU   UNITS. 


1 

3 

| 

! 

1- 

2 

i 

Tl... 

\jmfMTm\  . 

.1 

•mil 

.utniij.H!(ii..| 

111 

it 

I 

a 

1 

fl 

Heat  equlval 
of  Internal 
Work. 

1 

;- 

1 

h.-iri.-.-  C 
gradi*. 

t 

/ 

A 

r 

P 

A>« 

k 

t 

y 

' 

0 

63.33 

0.00 

140.50 

140.50 

131.82 

8.68 

0.00000 

4.275 

0.2339 

0 

10 

no 

5.10 

Ml.ll 

129.51 

!*.:><  > 

0.01832 

1080 

10 

20 

180.08 

10.29 

127.10 

10.17 

0,08627 

1.7:.s 

0.5688 

20 

30 

280.05 

151.03 

186.48 

10.65 

0.05389 

1.1-7 

O.M 

30 

40 

41'.'. 

MX89 

121.39 

11.05 

0.07119 

L215 

40 

50 

608.81 

181.22 

119.86 

L1.80 

0.06820 

1.7  l.r> 

50 

60 

860.96 

31.81 

160.63 

128.82 

117.22 

11.60 

0.1049 

0.4215 

60 

70 

11*9.9 

103.62 

114.48 

11.80 

0.1214 

0.8100 

3.220 

70 

80 

1011.1 

48.06 

L00.51 

111.49 

11.97 

4.290 

80 

90 

L'  140.8 

48.79 

120.51 

108.41 

12.10 

0.1536 

0.177:; 

90 

100 

2796.2 

54.61 

171.98 

117.::7 

106.17 

12.20 

0.10M 

o.i::7-J 

100 

110 

00.60 

174.56 

in.  (M; 

L01.78 

12,28 

(  i  ]  >;,(  ) 

0.1076 

110 

120 

4552.0 

M.48 

177.04 

110.56 

98.23 

o!2004 

0.0856 

11.68 

120 

130 

5684.9 

72.54 

179.42 

106.88 

<<4  :>:', 

12.35 

0.2156 

0.0689 

14.  .'1 

130 

140 

7007.6 

78.67 

181.69 

103.02 

w.m 

012800 

0.0561 

140 

TABLE  X. 

SATURATED   VAPOR  OP  AMMONIA. 


I  pi 


I 


-40 

-36 

-30 
-16 

-10 
-6 

0 

6 

10 
16 

20 
25 
30. 

36 
40 
46 

60 
66 
60 

66 
70 
76 


9.03 


-79 


11.58      -74 


II     <- 

15.40 

17    > 

V.:   || 
H.74 

08.M 
07.80 


47    ll. 

H!OI 

f,:,  H 
7J  :,-.» 

v-   44 

ii7  :t«> 
u»»;  -.- 

117.04 

iioioi 


80  158.15 
66  165.47 
90  179.64 


96 
100 


194.70 

21U.7U 


-68 


-VI 
-19 

-18 
-8 
-3 

3 

9 

14 

H 
H 
81 

H 
M 
47 

H 
58 
64 


75 


531 

OM 
OM 


081 
OM 

541 
040 
544 

546 

on 

549 

550 

OH 

Mil 

555 

5.V, 
658 

OH 

561 


m 

.".7" 
566 


5M 

OH 

ooo 

Oil 


:,H4 
OM 


518 

514 
510 
506 

503 

m 

494 

400 

4V3 


Ml 

m 


Oil 

515 

511 


497 

OH 
OM 

484 

4-» 
47', 

471 
46? 

Ml 


454 
449 

445 


M 

49 


H 
50 

50 
51 
51 

51 


H 
H 


54 
54 
55 

55 
55 
56 

56 

H 
57 

57 
M 
58 

H 
H 


-0.1737 

0  It  I 

-0.1483 

-0.13M 

. 

-0.0983 

-  o  .  OM 
.  0  MM 

-0.0619 

-O.i 


0  0871 
-0.0157 
-0.0044 

0.0067 
0.0177 
.-  001 

I.03M 

0.0606 

0.0718 
.0817 


MM 

1124 

MM 

MM 
MM 


.-,  i 
19.7 

17.8 
||  j 
13.8 

11.8 
l<  I 


,M 
.70 

.M 

H 

.84 

«: 

m 


1.76 

1.63 

:  • 


0383 


0750 


108 

130 

134 
150 

166 


Ml 
ON 

OM 

- 

OH 


416 
181 


-40 
-36 

-30 

-36 
-30 
-16 

-10 
-6 

0 

6 

10 
16 

30 
36 

H 

36 

40 
46 

60 
66 

60 

66 

70 
76 


4-  30 

:         86 

00 


6tt 

OH 


100 


TABLE  xi. 

SATURATED    VAPOR    OF    SULPHUR    DIOXIDE. 


JL 

h4 

a 

r 

3 

DENSITY. 

A 

t 

I 

> 

\ 

I 

m 

A 

3- 

r 

ft 

p 

*** 

= 

A>* 

«• 

*  . 
ft 

i< 

i 

il 

y 

1* 

/ 

-4O 

8.14 

-29 

iai 

195 

182 

18 

-0.0682 

28.0 

0.0484 

-40 

-35 

8.70 

-27 

i.;; 

194 

INI 

14 

-0.0584 

19.7 

-36 

-30 

4.84 

-25 

168 

193 

179 

14 

-0.0589 

17.0 

0.0590 

-30 

-25 

r,.o: 

-M 

1G8 

191 

177 

14 

-0.0492 

14.7 

0.0682 

-25 

-20 

5.00 

-SI 

169 

190 

m 

14 

-0.0447 

12.7 

0.0785 

-20 

-15 

6.83 

-19 

170 

189 

175 

14 

-0.0401 

11.1 

0.0901 

-15 

-10 

7>s 

-17 

170 

187 

14 

-0.0857 

9.78 

0.103 

-10 

-5 

9.05 

-15 

171 

ISO 

172 

14 

-0.' 

8.56 

0.117 

-6 

0 

10.35 

-18 

171 

185 

170 

15 

-0.0268 

7.54 

0.138 

0 

6 

11.81 

-11 

172 

183 

168 

15 

-0.0225 

6.67 

0.150 

6 

10 

13.41 

-9 

171 

182 

167 

15 

-0.0182 

5.93 

0.169 

10 

15 

15.19 

-7 

174 

181 

166 

15 

-0.0140 

5.96 

0.189 

15 

20 

17.15 

-5 

174 

179 

164 

15 

-0.0098 

4  72 

0.212 

20 

25 

19.30 

-8 

178 

163 

15 

-0.0057 

4.23 

O.'J 

25 

30 

21.66 

-1 

176 

177 

162 

15 

-0.0016 

3.81 

0.263 

30 

35 

1 

176 

175 

160 

15 

0.0024 

3.43 

0.291 

35 

40 

27.06 

1 

177 

174 

158 

16 

0.0064 

8.10 

0.822 

40 

45 

80.12 

0 

177 

172 

156 

16 

0.0104 

2.81 

0.856 

45 

50 

83.45 

7 

178 

171 

155 

16 

0.0144 

».56 

0.890 

50 

55 

87.07 

9 

179 

170 

154 

16 

0.0182 

2.32 

0.430 

55 

60 

40.98 

11 

179 

168 

152 

16 

0.0221 

2.11 

0.478 

60 

65 

45.20 

13 

180 

167 

151 

16 

0.0259 

1.94 

0.516 

65 

70 

49.75 

15 

181 

166 

150 

16 

0.0297 

.78 

0.568 

70 

75 

54.64 

17 

181 

164 

148 

16 

0.0334 

M 

0.614 

75 

80 

Bft.M 

19 

182 

163 

146 

17 

0.0372 

.50 

0.668 

80 

85 

65.54 

21 

188 

162 

145 

17 

0.0409 

.38 

0.725 

85 

90 

71.57 

23 

183 

160 

143 

17 

0.0445 

.27 

0.786 

90 

95 

78.02 

25 

184 

159 

17 

0.0482 

.18 

0.849 

95 

100 

84.90 

27 

185 

158 

141 

17 

0.0518 

.09 

0.917 

100 

aPECITIC    ORAVITT    AND    BPBC1TIC    VOLUME    OP   LIQUIDS 


C.II.O 


Carbon  bUulphWe,  C8.     . 

Aceton,  C.!I«0   .    .    . 

ir  Dioxide  80,    .    .    .    . 
Amtuonla  NIIa 


im 
urn 

UHO 


I   •  :  • 
MHffN 


MMM 


TABLE  XIIL 


VOLUME    OF    WATER 
VoL*l4°C=l. 
1871]  and  [Him,  1807.] 


10 
20 
30 
40 
50 


l.(»«.-j.-^ 
l.mlTU 
LOOM 


L01196 


tors. 


60 
70 
80 
90 
100 


L01001 
LOOM 
L08881 
LOOM1 

i.m.;u 


i..  . 


110 
120 
130 
140 
150 


LOOU 
1.0500 
1.0004 
LOIOO 


160 
170 


190 


LJOOI 

1.1130 
1.1208 

L1544 


NAPERIAN    LOGARITHMS 
*  =  2.7182818      log  e  =  0.4342945  =  M 


0 

i 

» 

3 

1 

5 

6 

7 

1 

0 

1.0 

O.OOOO 

0-00995 

0x11980 

002956 

003922 

004879 

005827 

0,06760 

<  '.<  >7'v  /'  ' 

008618 

1.1 

1.2 
1.3 

OXJ953I 

0.1823 

,..--•» 

0.1044 
01006 

i  ..-/>•-> 

aii22 

<  .1  ,--. 
02776 

OI222 
0.2070 
02852 

01310 
02151 
0^927 

01308 
02231 
03001 

01484 
0.2311 
03075 

01570 
02390 
03148 

0-1655 
0^469 
0.3221 

0.1739 
0*546  | 
03293  | 

1.4 
1.5 
1.6 

0.3365 

I  .;    •; 
04700 

03436 
04121 
04762 

0.3507 
04187 
Ow|824 

0-3577 

;,::;::.: 

0.3646 
04318 
04947 

03716 

<-.»;-  - 
05008 

0.3784 
04449 

05068 

0-3853 
04511 

05128 

03920 

sss» 

03988 
a4«37 

0.5247 

1,1 

l.> 
l.'» 

Ss 

0.5365 

•  6933 

0.6471 

H 

05481 
aft  H 

0.6575 

0-5539 
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Herirf '.  Ready  Reference  Table*  (CoovoraioB  Factor.     .      .    160*0.  morocco. 
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Handbook  for  Sugar  Manufacturers  and  their  Chemists     i6mo,  morocco,  2  oo 

Taylor  and  Thompson's  Treatise  on  Concrete,  Plain  and  Reinforced 8vo,  5  oo 

Tburston's  Manual  of  Steam-boilers,  their  Designs,  Construction  and  Opera- 
tion                                                                                                            8vo,  5  oo 

•  Walke's  Lectures  on  Explosives.                                                                      .8vo,  4  oo 
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West's  American  Foundry  Practice i2mo,  250 
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Cromwell'*  Treatise  on  Toothed  Gearing                                                        12 mo,  i  50 

Treatise  on  Belts  and  Pulleys.  .........                                               1 2010,  i  50 

Durkf-s  Kinematics  of  Machines, ..                                                             8ro,  400 

Flather's  Dynamometers  and  the  Measurement  of  Power. ...                  i  amo,  3  oo 

Rope  Driving.  .                                                                                    tamo,  a  oo 
Gill's  Gas  and  Fuel  Analysis  for  Engineers.                                                  :         . 

Hall's  Car  Lubrication.  .  .                                                                               1 2010,  i  oo 

Bering's  Ready  Reference  Tables  (Conversion  Factors) i6mo,  morocco,  a  50 

Button's  The  Gas  Engine                                                                                  8vo,  5  oo 

Jamison's  Mechanical  Drawing. ...                                                              8vo,  a  50 
Jones's  Machine  Design: 

Part  I.     Kinematics  of  Machinery. ...                                                    8vo,  i  50 

Part  IL     Form,  Strength,  and  Proportions  of  Parts. . .                        8vo,  3  oo 

Kent's  Mechanical  Engineers'  Pocket-book. ...                       .  i6mo,  morocco,  5  oo 

KBIT'S  Power  and  Power  Transmission.  .                                                     .8vo,  a  oo 

Leonard's  Machine  Shop,  Tools,  and  Methods                                                8vo,  4  oo 

•Lorenz's  Modern  Refrigerating  Machinery.     (Pope,  Haven,  and  Dean.)     8vo,  4  oo 

MacCord's  Kinematics;  or,  Practical  Mechanism 8vo,  5  oo 

Mechanical  Drawing.  .                                                                                4(0,  4  oo 

Velocity  Diagrams. ...                                                                           8vo,  i  50 

Mahan's  Industrial  Drawing.     (Thompson                                                  .  .8vo,  3  50 

Poole  s  Calorific  Power  of  Fuels .  .8vo,  3  oo 

Reid's  Course  in  Mechanical  Drawing 8vo,  a  oo 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design. 8vo,  3  oo 

Richard's  Compressed  Air tamo,  I  50 

Robinson's  Principles  of  Mechanism.                                                                . 8vo,  3  oo 

Schwamb  and  Merrill's  Elements  of  Mechanism.  .  .                                        .8vo,  3  oo 

Smith's  Press-working  of  Metals. .  .  .                                                               8vo,  3  oo 
Thurston's  Treatise   on   Friction  and   Lost  Work   in  Machinery  and    Mill 

Work. 8vo,  3  oo 

Animal  as  a  Machine  and  Prime  Motor,  and  the  Laws  of  Energetics .  i  amo,  i  oo 

Warren's  Elements  of  Machine  Construction  and  Drawing.  .                       8vo,  7  50 
Weisbach's    Kinematics   and    the    Power    of    Transmission.     (Herrmann — 

Klein.  1 8vo,  5  oo 

Machinery  of  Transmission  and  Governors.     (Herrmann — Klein.).  .8vo,  5  oo 

Wolff's  Windmill  as  a  Prime  Mover 8vo,  3  oo 

Wood's  Turbines. 8vo,  a  50 
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Bovey's  Strength  of  Materials  and  Theory  of  Structures 8vo,  7  50 

Burr's  Elasticity  and  Resistance  of  the  Materials  of  Engineering.    6th  Edition. 

React. 8vo,  7  5<> 

Church's  Mechanics  of  Engineering 8vo,  6  oo 

Johnson's  Materials  of  Construction.  ...                                                         .  8vo,  6  oo 

Keep's  Cast  Iron .  8vo,  a  50 

Lanza's  Applied  Mechanics. .8vo,  7  50 

Martens's  Handbook  on  Testing  Materials.     (Henning.)  .  .  .  .                     .  .8vo,  7  50 

Merriman's  Mechanics  of  Materials.                                                                8vo,  5  oo 

Strength  of  Materials ;  amo,  i  oo 

Metcalf's  Steel     A  manual  for  Steel-users.  .  .                                             lamo.  a  oo 

Sabin's  Industrial  and  Artistic  Technology  of  Paints  and  Varnish. 8vo,  3  oo 

Smith's  Materials  of  Machines iamo,  i  oo 

Tburston's  Materials  of  Engineering. . .                                             3  vote.,  8vo,  8  oo 

Part  n.     Iron  and  Steel 8vo,  3  SO 
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Constituents 8vo,  a  50 

Text-book  of  the  Materials  of  Construction. 8*0,  5  oo 
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Church's  Note*  and  Example*  In  Mechanics. ...                                          8vo,  oo 

Compton's  First  Lessons  in  Metal-working....                                        12:110,  50 

Compton  and  De  Groodt's  The  Speed  Lathe                                                i  2  mo,  50 

Cromwell's  Treatise  on  Toothed  Gearing .                                                  1 2 mo,  50 

Treatise  on  Belts  and  Pulleys.                                                             i  a  mo,  50 

Dana's  Text-book  of  Elementary  Mechanics  for  Colleges  and  Schools.    12 mo,  50 

Dingey's  Machinery  Pattern  Making                                                          i2mo,  oo 
Dredge's  Record  of  the  Transportation  Exhibits  Building  of  the  World's 

Columbian  Exposition  of  1803. . .                              4to  half  morocco,  5  oo 
Du  Bois's  Elementary  Principles  of  Mechanics: 

VoL     I.     Kinematics. . .  .                                                                       8vo,  3  50 

VoL    II.     Statics.                                                                                          8vo,  4  oo 

VoL  III.     Kinetics. .                                                                              8vo,  3  50 

Mechanics  of  Engineering.     Vol.    I..                                            Small  4to,  750 

VoL  II.  .                                           Small  410,  10  oo 

Durley's  Kinematics  of  Machines. .                                                              8vo,  400 

Fitzgerald's  Boston  Mac  ilnist.                                                                   iGrao,  i  oo 

Flather's  Dynamometers,  and  the  Measurement  of  Power.  .                      tamo,  3  oo 

Rope  Driving.  .                                                                                    umo,  a  oo 

Cost's  Locomotive  Sparks.  . .                                                                        8vo.  2  oo 

Ball's  Car  Lubrication.  .                                                                                lamo,  i  oo 

Holly's  Art  of  Saw  Filing i8mo,  75 

James's  Kinematics  of  a  Point  and  the  Rational  Mechanics  of  a  Particle.  Sm.Svoj  oo 

•  Johnson's  (W.  W.)  Theoretical  Mechanics.  .  .                                            12010,  3  oo 

Johnson's  (L.  J.)  Statics  by  Graphic  and  Algebraic  Methods.                    .  .8vo,  2  oo 
Jones's  Machine  Design : 

Part   L     Kinematics  of  Machinery.  .  .                                                    8vo.  i  50 

Part  IL     Form,  Strength,  and  Proportions  of  Parts 8vc,  3  oo 

Kerr's  Power  and  Power  Transmission.  .                                                     .  .8vo,  200 

Lanza's  Applied  Mechanics.  .                                                                       .8vo,  7  50 

Leonard's  Machine  Shop,  Tools,  and  Methods.                                             .8vo,  4  oo 

"Lorenz's  Modern  Refrigerating  Machinery.      (Pope,  Haver.,  and  Dean.  ;.8vo.  4  oo 

MacCord's  Kinematics;  or,  Practical  Mechanism.                                        .8vo,  5  oo 

Velocity  Diagrams.  ...                                                                              8vo,  i  50 

Maurer's  Technical  Mechanics.  .                                                                     .8vo,  4  oo 

Merriman's  Mechanics  of  Materials.                                                               .  .8vo,  5  oo 

*  Elements  of  Mechanics. .                                                                           12  mo.  i  oo 

*  Michie's  Elements  of  Analytical  Mechanics. 8vu,  4  oo 

Reagan's  Locomotives:  Simple.  Compound,  and  Electric.  .  .                     121:10,  2  50 

Reid's  Course  in  Mechanical  Drawing. 8vo.  2  oo 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design. 8vo,  3  oo 

Richards's  Compressed  Air i2mo,  i  50 

Robinson's  Principles  of  Mechanism 8vo,  3  oo 

Ryan.  Norris,  and  Hoxie's  Electrical  Machinery.     Vol.1                             .8vo,  250 

Schwamb  and  Merrill's  Elements  of  Mechanism.  .                                        .  8vo,  3  oo 

Sinclair's  Locomotive-engine  Running  and  Management.  .  .                      12010,  2  oo 

Smith's  (0.)  Press-working  of  Metals .8vo.  3  oo 

Smith's  (A.  W.)  Materials  of  Machines 1 2mo,  i  oo 

Spangler,  Greene,  and  Marshall's  Elements  of  Steam-engineering 8vo,  3  oo 

Thurston's  TreatUe  on  Friction  and  Lost  Y/ork  in    Machinery  and    Mill 

Work .8vo,  3  oo 

Animal  as  a  Machine  and  Prime  Motor,  and  the  Laws  of  Energr 

iamo,  i  oo 

Warren's  Elements  of  Machine  Construction  and  Drawing.  .                      .  8vo,  7  50 

Weisbach's  Kinematics  and  Power  of  Transmission.   (Herrmann — Klein.)  8vo,  500 

Machinery  of  Transmission  and  Governors.      (Herrmann — Klein.  ;.8vo,  5  oo 

Wood's  Elements  of  Analytical  Mechanics.                                                     8vo,  300 

Principles  of  Elementary  Mechanics. .  .                                                i2mo,  i  25 

Turbines 8vo.  2  50 

The  World's  Columbian  Exposition  of  1893 4to.  z  oo 
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Gerhard's  Guide  to  Sanitary  House-inspect  i                                                   i6mo,  I  oo 

Goodrich**  Economic  Disposal  of  Town's  Refuse                                 DemySvo.  3  50 
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Emmons's  Geological  Guide-book  of  the  Rocky  Mountain  Excursion  of  the 

International  Congress  of  Geologists Large  8vo,  i  50 
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Totten's  Important  Question  in  Metrology  .8vo. 

The  World's  Columbian  Exposition  of  1893 .  .4to, 

Von  Behring's  Suppression  of  Tuberculosis.     (Bolduan.). .  .  i2mo, 

Winslow's  Elements  of  Applied  Microscopy 
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50 
Worcester  and  Atkinson.     Small  Hospitals,  Establishment  and  Maintenance; 

Suggestions  for  Hospital  Architecture:  Plans  for  Small  Hospital.  1 2mo,    i  25 

HEBREW  AND  CHALDEE  TEXT-BOOKS. 

Green's  Elementary  Hebrew  Grammar. ..  12  mo,  i   25 

Hebrew  Chrestomathy.  . .  8vo,  2  oo 

Gesenius's  Hebrew  and  Chaldee  Lexicon  tr  the  Old  Testament  Scriptures. 

(Tregelles.).  .  .  Small  4to.  half  morocco,  5  oo 

Lettem's  Hebrew  Bible.  8vo.  2  2$ 
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